This paper examines predictors of breastfeeding cessation among a cohort of human immunodeficiency virus (HIV)-infected women. This was a prospective follow-up study of HIVinfected women who participated in a randomized micronutrient supplementation trial conducted in Dar es Salaam, Tanzania. 795 HIV-infected Tanzanian women with singleton newborns were utilized from the cohort for this analysis. The proportion of women breastfeeding declined from 95% at 12 months to 11% at 24 months. The multivariate analysis showed breastfeeding cessation was significantly associated with increasing calendar year of delivery from 1995 to 1997 [risk ratio (RR), 1.36; 95% confidence interval (CI) 1.13-1.63], having a new pregnancy (RR 1.33; 95% CI 1.10-1.61), overweight [body mass index (BMI) ≥25 kg m −2 ; RR 1.37; 95% CI 1.07-1.75], underweight (BMI <18.5 kg m −2 ; RR 1.29; 95% CI 1.00-1.65), introduction of cow's milk at infant's age of 4 months (RR 1.30; 95% CI 1.04-1.63). Material and social support was associated with decreased likelihood of cessation (RR 0.83; 95% CI 0.68-1.02). Demographic, health and nutritional factors among women and infants are associated with decisions by HIVinfected women to cease breastfeeding. The impact of breastfeeding counselling programs for HIV-infected African women should consider individual maternal, social and health contexts.
Introduction
Sixty-eight per cent of human immunodeficiency virus (HIV)-infected persons are in subSaharan Africa and 61% of those infected with HIV are women (UNAIDS 2007) . Breastfeeding is an important source of mother-to-child HIV transmission. In countries where breastfeeding continues into the second year, 30-50% of all HIV mother-to-child transmission is estimated to occur through this route (De Cock et al. 2000; Dabis & Ekpini 2002; Mmiro et al. 2009 ). Breastfeeding has been recommended by the World Health Organization (WHO) and the United Nations Children's Fund (UNICEF) as the exclusive source of nutrition for infants during the first 6 months of life (WHO/UNICEF/UNAIDS 1998). Expert panels at the time of this trial recommended that HIV-infected women avoid breastfeeding for prevention of mother-to-child transmission if replacement feeding were acceptable, feasible, affordable, sustainable and safe (AFASS) in 2000 and updated the guidelines in 2006 to include exclusive breastfeeding for the first 4-6 months (WHO 2000 (WHO , 2006 . According to the guidelines, HIV-infected mothers should be counselled on the benefits of breastfeeding and the risks of HIV transmission through breast milk and offered other infant feeding options whether it be exclusive breastfeeding or exclusive formula feeding (WHO/UNICEF/UNAIDS 1998). Nevertheless, breastfeeding remains the norm for infant feeding in sub-Saharan Africa (De Cock et al. 2000; Dabis & Ekpini 2002) , including Tanzania.
Recent papers highlight difficulties in implementing infant feeding recommendations for HIV-infected women in sub-Saharan Africa (Bland et al. 2007; Doherty et al. 2007; Lunney et al. 2008) , because of unavailability of appropriate alternatives that would potentially increase HIV disease-free survival (Iliff et al. 2005 ). In Tanzania, feasibility studies of AFASS recommendations have examined infant feeding practices and alternatives to breastfeeding (Manuela de Paoli et al. 2004; Leshabari et al. 2007 ) and concluded that more work needs to be done in the context of breastfeeding cessation and appropriate alternatives in order to implement these practices.
Several studies have examined predictors of duration of breastfeeding both in developing and developed countries including cross-sectional and observational studies from developed countries, including the United States, Australia and New Zealand, reported longer duration of breastfeeding to be associated with high level of education, child sharing the mother's bedroom, high number of prenatal visits, experience with breastfeeding, younger maternal age and mother receiving support from other sources apart from the clinic (Vogel et al. 1999; Scott et al. 2006) . Cross-sectional studies from developing countries, including Tanzania, Thailand and Mexico, have found associations between cessation of breastfeeding and younger maternal age, higher maternal education, maternal employment, and single maternal marital status (Vega Lopez & Gonzalez Perez 1993; Demographic & Health Survey 1996; Yimyam & Morrow 1999) . More recent studies in the developing world have looked at infant feeding practices in the general population (Engebretsen et al. 2007; Marriott et al. 2007 ). These studies showed that early cessation of breastfeeding were associated with high maternal education level, presence of a new pregnancy and illness of the mother or of the child. However, most of these studies were done in settings where the HIV epidemic was not a major public health problem, or did not report on the HIV status of the subjects studied. The effect of maternal HIV infection on breastfeeding cessation has not been well examined.
In the Tanzanian Demographic and Health survey of 1996, about 97% of children under the age of 5 years whose HIV status was not measured were breastfed during the 12 months before the survey (Demographic & Health Survey 1996) . Identifying predictors of breastfeeding cessation among HIV-infected women is important for targeting the education and counselling message to groups of women at risk for longer breastfeeding. Mmiro et al. suggests that in this setting, women generally breast feed up to 2 years (Mmiro et al. 2009 ).
The importance of improving breastfeeding education programs can lead to increased HIVfree survival as seen in Zimbabwe with exclusive breastfeeding (Iliff et al. 2005) . Relatively few studies have examined social support in relation to breastfeeding cessation among HIVinfected women. We examined the association between breastfeeding cessation and sociodemographic and health characteristics, as well as social support, over a 24 month period in a cohort of HIV-positive women.
Methods

Study design and population
We prospectively followed 1078 HIV-infected women who were participants in a randomized placebo-controlled trial of multivitamins in Dar es Salaam, Tanzania. Details about the study have been described elsewhere (Fawzi et al. 1998) . Women between 12 and 27 weeks of gestation were enrolled in the trial from April, 1995 to July, 1997. Study participants received a daily oral dose of one of the following regimens during and after pregnancy: multivitamins, vitamin A alone, multivitamins excluding vitamin A, or placebo. The study was conducted before the implementation of anti-retroviral programs and thus no women received anti-retroviral therapy.
Information on maternal characteristics was collected at baseline and during follow-up. Trained research assistants administered questionnaires on maternal and paternal sociodemographic factors at baseline such as age, education and occupation. Additional data on maternal socio-demographic factors include household expenditure on food and marital status. We collected baseline and follow-up information on maternal reproductive factors, including gestational age at randomization, type of delivery, total number of previous pregnancies as reported by women (parity), outcomes of previous pregnancies (such as low birthweight, preterm delivery, stillbirth and abortion) and occurrence of a second pregnancy while on the study.
Perceived level of social support was measured at 3 months after enrolment, 2 months after delivery and every 6 months thereafter using the Duke functional social support questions (Broadhead et al. 1988 ). The social support questions have been validated in this study population (Kaaya et al. 2002) .
Maternal anthropometry including weight, height, length and mid-upper arm circumference (MUAC) were collected at baseline. These measurements were taken from both mothers and children during monthly follow-up visits using the WHO standardized method (WHO 1995) . Clinical data collected at baseline and during follow-up was used to assign maternal HIV disease stage (physician assessment and laboratory values) based on the WHO Staging System (1993).
Child characteristics including gender, anthropometry (weight, length, MUAC and head circumference) and HIV-related factors were recorded at birth and during follow-up. We assessed the presence of diarrhoea and respiratory infection on the day of study visit or in the past month to indicate child morbidity status for each monthly visit. Data on the child feeding patterns such as age when complementary foods in addition to breast milk were introduced and age at introduction of cow's milk/milk powder, porridge, fruits/fruit juice, or solids, and age at cessation of breastfeeding, were recorded at each monthly visit.
Trained research personnel counselled women on the benefits and risks associated with breastfeeding and various options for infant feeding according to the then current WHO and Tanzanian Ministry of Health guidelines. These guidelines were updated in 2000 and an additional consensus statement was released in 2006 based on new evidence that exclusive breastfeeding for the first 4-6 months as being ideal (WHO/UNICEF/UNAIDS 1998; WHO 2000 WHO , 2006 . Counselling on breastfeeding and general HIV practices was done at recruitment, enrolment and during follow-up on an individual basis as needed. All decisions about whether and how long to breastfeed were made by the mothers.
Blood specimens were taken for complete blood count including haemoglobin concentration, total lymphocyte count, erythrocyte sedimentation rate and absolute counts of T-cells (CD4+ and CD8+). Specimens were collected at baseline, 6 weeks postpartum and every 6 months thereafter. In a random subset of women, we measured viral loads at baseline and at two other time points after delivery. HIV status of each child was ascertained at birth, 6 weeks and every 3 months thereafter. A child was considered infected when a peripheral blood mononuclear cell specimen tested positive by polymerized chain reaction techniques at any point, or a plasma specimen obtained at 18 or more months of age tested positive by ELISA and confirmed by a Western blot test. A child was considered to be uninfected if either of these two tests were negative at the last visit.
Data analyses
There were 1078 HIV-infected pregnant women who were randomized in the study; 963 women gave birth to 985 live born babies (i.e. 939 singletons, 21 pairs of twins and 4 pairs of twins with only one alive). Fortyseven children died prior to the first follow-up visit, two mothers died prior to the first follow-up visit, and the remaining 95 have no additional data other than a live delivery. Overall, 811 women reported having ever breastfed their 826 children including 795 women who had singleton live births on whom this analysis is based. Of the 795, the proportion of women who came to the clinic at least once by 3, 6 and 12 months after delivery were 91, 93 and 95%, respectively. However, 2.3 and 1.5% of women had their first clinic visit after delivery at 12 and 24 months, respectively, and 9 (1.1%) women never came to clinic after delivery. In the latter cases, the father brought the child to the clinic and breastfeeding status was assessed. The maximum follow-up after delivery was 32 months.
Predictors of breastfeeding cessation examined included paternal age, maternal sociodemographic characteristics, maternal reproductive, nutritional status, HIV-related characteristics [HIV disease stage -clinical staging was used with CD4 counts when available and are shown to be correlated (Edathodu et al. 2009) , CD4+], and the child's morbidity history. Maternal social support at baseline was examined overall and by domain, e.g. emotional/affective support and material/instrumental support. Scores were dichotomized as 'have support' ('as much as I would like') and 'not having support' ('never', 'much less' and 'less than I would like'). Child characteristics examined include birthweight and hospitalizations. Maternal body mass index (BMI) was computed from measurements of weight in kilograms divided by the squared height in meters (kg m −2 ) at all clinic visits. Calendar year of delivery was also recorded and considered as a predictor.
Maternal and child characteristics that could change over time were also analyzed as timevarying covariates. The maternal time-varying characteristics were HIV disease stage, CD4+ cell count, BMI and child hospitalizations in the last month considered as time dependent. Time-dependent characteristics were updated until the month when cessation of breastfeeding occurred or an observation was censored. For women who had a new pregnancy while in the study, maternal characteristics such as weight were updated until the first day of conception computed from last normal menstrual period or gestational age at delivery. The latter excludes all weights during subsequent pregnancies to avoid spurious BMI calculations as a time-dependent variable. Maternal blood parameters for all women (CD4+, CD8+,) were updated every 6 months. If a woman missed a visit and had a blood specimen beyond 6 months, values were considered as missing until the next available results were obtained and there was an update. Continuous and categorical predictors are presented using conventional or known cutoffs from values that were previously reported in this study using the median or upper 25th percentile from the study population, or according to WHO standard cut-off for BMI (1995) .
Cessation of breastfeeding was defined using a twostep algorithm. First, the duration of breastfeeding was estimated as the average of the latest age at which the child was reported to be breastfeeding and the earliest age at which the child was reported as not breastfeeding for at least two consecutive monthly assessments (n = 593 children). If the child missed a clinic visit and there was a period longer than 42 days between these two visits (n = 202 children), we used the age the mother reported she had stopped breastfeeding. Because we were interested in women's decision to stop breastfeeding, cessation was considered to have occurred only if the woman was still breastfeeding at the prior visit to the one at which cessation was reported to have occurred, and neither the woman nor child died within a month of that time. Voluntary cessation of breastfeeding is defined as survival of both mother and child at least 1 month beyond the computed time of breastfeeding cessation (or last time known to be breastfeeding), with both having visited study clinics at least once past that time. Henceforth, we will refer to women meeting these criteria as voluntary stoppers, and to the event as voluntary cessation of breastfeeding. Time to voluntary cessation of breastfeeding was analyzed using survival analysis methods. We used the Kaplan-Meier (KM) method to estimate the median duration of breastfeeding and the proportion of women who were breastfeeding at each time after delivery (Kaplan & Meier 1958 ).
Cox-proportional hazards regression methods were used to examine predictors of voluntary breastfeeding cessation for both univariate and multivariate analyses and to calculate 95% CI (Cox 1972) . The Wald test statistic was used to assess the significance of the association between continuous or categorical variables, and the time to voluntary cessation of breastfeeding. Predictors with a univariate P-value of 0.20 or less were introduced into the multivariate model, using sas/stat, version 9.1, statistical software from SAS Institute Inc. (Cary, NC, USA). In the multivariate model, we used the counting process data structure to incorporate time-dependent covariates, i.e. predictors that were changing or updated over time (Andersen & Gill 1982) . The time interval corresponded to the monthly follow-up visits after delivery. In order to avoid the problem of retaining one level of a categorical variable in the final model as selected by automated stepwise model procedure, the model was developed manually in multiple stages using the likelihood ratio test.Variables were retained in the final model if the overall P-value was 0.10 or less. We forced into the final model variables that were not significant on univariate analyses but important in HIV infection (disease stage, CD4+) and those known a priori to predict breastfeeding cessation, including maternal age. Observations with missing data were retained in the analyses by using missing indicators. To check for bias in the missing indicators, only cases with no missing results were input into the model and compared to our final model with missing indicators and the results were substantially the same (no measure changed by more than 10%). We used Cox proportional hazards regression with stepwise selection of restricted cubic splines to obtain effect estimates and test for non-linearity between continuous predictors and time to voluntary cessation of breastfeeding (Durrleman & Simon 1989) . 
Results
Breastfeeding was initially adopted by almost all women. The estimated KM proportions of women (n = 795) who were breastfeeding at 9, 12, 18 and 24 months were 97, 95, 72 and 11%, respectively. The mean duration of breastfeeding among voluntary stoppers was 20.2 months [95% confidence interval (CI), 20.0-21.0 months]. The minimum and maximum duration of breastfeeding were 0.1 and 32.0 months, respectively. Overall, 524 (66%) women reported voluntary breastfeeding cessation (non-censored events). Timing of breastfeeding cessation is shown in Fig. 1 where the cumulative incidence of cessation is reported for the 524 women who reported voluntary breastfeeding cessation. Of the remaining 271 women (34%), 147 were censored for the death of the child and 16 were censored for death of the mother.
The percentages of those who voluntarily stopped breastfeeding are presented in Table 1 . The average age of women in the study was 25 years, with the majority (78%) having 5-8 years of education and 58% being in monogamous relationships (Table 1 ). The average gestational ages at randomization and delivery were 20 and 39 weeks respectively. The majority (92%) of women had a spontaneous normal delivery, and 34% went on to have a second pregnancy while in the study. At baseline, 85% of women were HIV disease stage I according to WHO Staging System assessed by clinical assessment and laboratory values from CD4 counts (Edathodu et al. 2009 ), 29% had a CD4+ count of 500 or more. At 6 weeks postdelivery, 61% of women were in the normal range for BMI (18.5 to 24.9 kg m −2 ) (1995). The average birthweight of infants was 3052 g, with gender evenly distributed. The reported average age at introduction of other foods was as follows: porridge (4.3 months), fruits (5.7 months), cow milk/milk powder (7.6 months) and solid foods (8.5 months).
The univariate and multivariate analyses for breastfeeding cessation are presented in Table  2 . Using the Cox proportional hazards models to adjust for other significant predictors, each additional calendar year of delivery was a significant predictor of earlier breastfeeding cessation [relative risk of breastfeeding cessation (RR) 1.36; 95% CI 1.13-1.63; P-value = 0.001]. Women who went on to have a new pregnancy were also significantly more likely to stop breastfeeding (RR 1.33; 95% CI 1.10-1.61; P-value = 0.004). High maternal postdelivery BMI (≥25 kg m −2 ) was a significant predictor of early breastfeeding cessation, compared to women who were in the BMI range of 18.5-25 kg m −2 (RR 1.37; 95% CI 1.07-1.75; P-value = 0.01). As expected, women who introduced cows milk/milk powder to their infants at or before age 4 months were significantly more likely to have earlier cessation of breastfeeding (RR 1.30; 95% CI 1.04-1.63; P-value = 0.02) compared with those who introduced cow's milk/milk powder to their children after 4 months of age. After adjusting for other significant predictors of breastfeeding cessation, women were 13% less likely to have earlier breastfeeding cessation for every 5-year increase in age (RR 0.87; 95% CI 0.79-0.96; P-value = 0.007). Women who reported one or more spontaneous abortions in the past were 20% less likely to stop breastfeeding earlier compared with those who did not have any abortions (RR 0.80; 95% CI 0.65-0.98; P-value = 0.03). Instrumental and material support was significant in the univariate analysis (RR 0.76; 95% CI 0.63-0.91; P-value = 0.004) and when adjusting for other predictors using the Cox proportional hazards model was consistent with the univariate although insignificant at an alpha level of 0.05 (RR 0.83; 95% CI 0.68-1.02; P-value = 0.07) ( Table 2) .
Discussion
Most studies on risk factors for early breastfeeding cessation have been conducted among women whose HIV status was not determined and were most likely predominantly uninfected due to the low prevalence of HIV (Jakobsen et al. 1996) . Little is known about factors associated with breastfeeding cessation among HIV-positive women. We reported predictors of breastfeeding cessation among lactating HIV-infected women in Tanzania. The median time of breastfeeding in our study was 20.2 months, approximately similar to the Tanzanian national demographic and health surveys in 1996 where the median time was 22 months (Demographic & Health Survey 1996) . Characteristics related to earlier breastfeeding cessation in our study were year of delivery, having a new pregnancy, high post delivery BMI of ≥25 kg m −2 and early introduction of cow milk below 4 months of age.
The higher rate of earlier cessation of breastfeeding with later calendar year was probably due to the availability of new research findings on the risks associated with prolonged breastfeeding. At the time of enrolment (between 1995 and 1997) , there was limited information on how best to counsel HIV-infected women on the risks associated with breastfeeding. While conducting the trial, the 1998 report by WHO on breastfeeding guidelines based on data supporting AFASS and early cessation as the preferable options (WHO/UNICEF/UNAIDS 1998) leading to early rates of cessation.
Having a new pregnancy was associated with earlier cessation of breastfeeding in our study. Similar findings were observed in previous studies from developing countries (Forman 1984; Jakobsen et al. 1996) . High post-delivery BMI was also associated with earlier weaning. However, studies from Australia and United States showed that women with high prepregnancy weight and who gained weight beyond the recommended level during pregnancy and lactation period were less likely both to initiate breastfeeding and to stop breastfeeding early (Rutishauser & Carlin 1992; Li et al. 2003) . This phenomenon may be explained by a finding that overweight women in the United States had lower prolactin response to suckling and possibly failure in lactation during the early post-partum period (Rasmussen & Kjolhede 2004 ).
Early introduction of cow's milk or powdered milk was associated with earlier cessation of breastfeeding in our study. Previous studies have shown an association between early introduction of infant formula and cessation of breastfeeding both in developed and developing countries (Vogel et al. 1999; Hornell et al. 2001; Berra et al. 2003) .
Support was divided into two categories: instrumental and material support was support in fulfilling daily activities whether it is monetary or actively helping such as domestic chores and transportation; compared with emotional and affective support which is through social support systems such as family and friends advising the women. Instrumental and material support (which included help with domestic chores, monetary assistance, transportation, etc.) was associated with delayed cessation of breastfeeding.A recent study from Nigeria showed having additional female support in the postpartum period to be beneficial to breastfeeding for 4-6 months (Olayemi et al. 2007) . Another study in Zimbabwe showed that when an educational program was implemented for safer breastfeeding practices, 79% were less likely to expose their child to HIV infection (Piwoz et al. 2007) . Although the majority of our findings led to increased cessation of breastfeeding, in our setting where the support structure tends to be stronger, we saw that outside assistance was associated with continued breastfeeding in our study population. We found that emotional and affective support, however, was not related with breastfeeding cessation. These findings point to the importance of measuring and understanding the role of different types of social support in this cultural context, particularly in relation to management of breastfeeding in HIV-infected women.
Some recommend that recall of exclusive breastfeeding should be done on a weekly basis to minimize recall bias (Bland et al. 2003) . Our data define the duration of breastfeeding to be where the mothers reported nothing more than breastfeeding at the latest age in the previous month and earliest time of not breastfeeding and took the average. Based on this algorithm and due to the fact that there are repeated measures over an extended period of time, it is expected to minimize the recall bias. This study provided a unique opportunity to examine the associations of breastfeeding in a large sample of HIV-positive women in the developing world where improved breastfeeding strategies can be one of the most effective ways to improve infant and childhood morbidity and mortality. Demographic, health and nutritional factors among women and infants are associated with decisions by HIV-infected women to cease breastfeeding. The impact of breastfeeding counselling programs for HIV-infected African women should consider individual maternal, social and health contexts. The identified factors may be important in updating the counselling messages on breastfeeding HIV-infected women in Tanzania. Counselling strategies should incorporate contextualized protocols, which include information such as the predictors seen in a number of settings (Lauer et al. 2004; Piwoz et al. 2006; Olayemi et al. 2007 ) including those reported here. It is clear that with the appropriate counselling strategies and social support systems, adherence to guidelines is possible. Counselling on breastfeeding should factor in individual maternal social and health contexts, and child feeding pattern and health status in prenatal and post-natal clinics. In a 2006 consensus statement by the WHO, the 2001 guidelines on breastfeeding (WHO/UNICEF/UNAIDS 1998) were updated to include exclusive breastfeeding for the first 6 months may be appropriate if AFASS is not met or it is not appropriate to stop. (2006) One factor is the difficulty in providing an adequate diet at this age (Dewey et al. 2004) . If mothers are to adhere to the guidelines they will need adequate counselling and social support, and policy makers need an understanding of the context in which such decisions are made, and the determinants associated with these decisions.
Key messages
• The reasons that HIV-infected women elect to discontinue breastfeeding have not been well established in the literature.
• Breastfeeding in HIV-positive populations needs to be better understood to manage counselling strategies of women in this population.
• Understanding predictors of breastfeeding cessation are vital to improving the guidelines and practices of HIV-positive women. Cumulative incidence of women ceasing to breast feed. N = 524. Univariate and multivariate analyses of predictors of breastfeeding cessation among HIV-infected women Time-varying covariates. Analysis performed using Andersen-Gill data structure with 10 642 observations during follow-up.
